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THE PRESSURE AVAILABLE FOR GROUND COOLING IN FRONT
OF TEE COWLING OF AIR-COOLED AIRPLANE ENGINES

By George W. Stickle and Upshur T. Joyner
SUMMARY

A study was made of the factors affecting the pressure
avelladble for ground cooling in front of a cowling. Host
of the results presented were obtained with a set-up thal

was advout one~third full scale. A number of isolated tests
on four full-scale airplanes were made to "determine the
general applicability of the model results. The full~scale
tests indicated that the model results may be applied gqual-
itatively to full—scale design and quantitatively as a
first approxination of the front pressure available for ~
ground cooling.,.

INTRODUCTION

The problem of cooling an airplane engine on the

ground consisgts in providing a pressure drop across the
baffles to cool the rear of the cylinder and sufficient
movement of the air in front of the engine to cool the
front of the cylinder. The pressure drop across the baf-
fles 1s the difference between the pressures in front of
and behind the engine. The rear pressure deponds on the
design of the exit slot, which for ground operation is
similar to that for flight conditions and 1is given in ref-
erencoes 1 and 2. The conditions affecting the pressure in
the front of the cowling for ground operation are entirely

different from those in flight because, on the ground, the
propeller effect is all important and, in flight, the main
effect is that of the forward volocity of %he alrpiane.
The purpose of the work reported herein was to study the
best methods of utilizing the propeller to produce presé

sure in front of the cowling. The main part of the Invés-
tigation was conducted on a model set—-up that was about
one-~third full scale.
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After the model tests were completed, their genoral
applicablility was dotermined by extending the ground-
cooling tests to include moasurements on four full-scale
airplanes. ) .. L L )

APPARATUS AND METHODS

In the model-test set-up, a 2B5-horsepower electric
motor was used to drive the propellsrs. Cowlings werse
nounted on the motor 1in proper relation to the propeller
location so that similarity to full-scale airplanes was
obtained., The get-up is shown in flgure 1. The seven
cowlingg, the various disks, the spinner, and the deflec—
tors are shown ih figure 2. Two adjustable-pitch propel-
lers were used; a 2=blade 48-inch-diameter propeller,
designated propeller B (fig. 3); and a 3-blade 39-inch-
dinmeter propeller, designated propellsr C (fig. 1). It
should be noted that propeller C has round-blade shanks
corresponding to present—day practice and that propeller
B has good airfoil gections near the propeller hubdb.

The general arrangement of the set-up can be seen 1in
figure 1. The cowlings and disks were attached to the
mounting tube shown enclosing the propeller shaft. The
baffle plate was made by punching l-inch holes in a sheet-
metal disk. The conductivity of the baffle plate, corre-
gsponding to.the combined engine and cowling conduct171ty,
was varied by the uge of corks in these holes. The 129
inch round-~edge disk is shown in place in front. of nose. 2.
The minimum free area between the cowling and the disk is
referred to as "the arsa of—the front opening." The ref-
erence area F, defined as the maximum cross—sectional
area of the cowling, hasg a value based on a diameter of
20 inches for the model tests. The other disks and noses
were mounted in the same manner asg in the set-up shown in
figure 1. . . -

A study of the "flow ‘conditions in.tﬁe'front of the
cowling was made by the use of nmeagurements of pressurse
distribvution, obssrvationg of smoke flow, and measurements
of alr flow with a hot-wire anemometer. The pressure or-
ifices were located in the baffle plate along the radius
of the cowling. The observations of smoke flow Vere made
by introducing smoke in froat of the propeller and observ-
ing the flow lines and also by introducing smoke botwoeen
the baffle plate and the propeller and noting its bohavior
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inside the cowling nose. Since the front of the engine
cylinder is cooled by the movement of air inside the front
of the cowling, any device that changes the movement of ailr
may affect the amount of cooling available. The relative
cooling of the front of the cylinder with various combina-
tions of cowlings and disks was determincd by measuring

the heat dissipated from o hot wire located in front of-

the baffle plate. The hot wire was maintained at constant
temperature.

The full-scale airplanes used to determine the gener-
al applicability of the model test wers modern airplanes
with conventional baffling and cowlings. Several propel-
lers were used on some of the airplanes to determine the
effect of good and bad blade sections near the propeller
hube. The pressure in front of and behind the baffles for
several Propeller speeds was measured.

The results are presented in the form of coefficients
that are, in effect, nondimensional. The pressures pf}

pr, an@ bp, which refer to the pressures in front of the

baffles and behind the baffles and the pressure drop
acrogs the baffles, resmectively, are divided by n2®D2® +to
make the coefficients independent of propeller speed and
scale, where =n is the number of revolutions per second
of the propeller and D is the propeller diameter in feet.
In order to make thege coefficients strictly nondimension-~
al, they should be divided dy the mass dengity of the air
buts for all practical purposes, the density may Do as-
sumned constant and left out of the coefficients. A point
along.a radiusg of the cowling is located by using the
quantity x = d4/D, where d is twice the distance from
the point %o the propeller axis. The radial pressure dis-
tridbution within a givon cowling is presented as a plot )
of the pressure coefficien®, pg/n2D2, against =x. When
the average prossure in front of the baffle plate is given
2s a function of the diameter of the front opening, the
results are given as a plot of the integrated average
pressure coefficlent against =x; = d4,/D, where 4, is the

naximun diameter of the froant opening.,

Each arrangement of the model set-up was tested for
several engine conductivities. When the conductlvity 4
of the baf;le plate is other than zero, that is, when air
is flowing through the cowling, the area of the front open-
ing becomes a restriction to the flow and consequently

lessens the pressure at the front of the baffle. In order
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to otudy effects of other varilations of cowling arrange-

'‘ments and to eliminate the effect of air flow, the condi-

tion for zero engine or baffle conductivity was used in

describing the main part of the nodel-test results. The

results for conductivity other than zero were used only to

descrlibe the effect of the area .of the front opening, a

RESULTS AND DISCUSSION ST

The first consideration in regard to front pressure
ls the manner in which the available pressure variecs with
the propeller radius, In order to study this affect, nose
1 (fig. 2) was used and the pregsure in each ring wasg de-
termined. Noses 3 and 7 were used with circular disks to
eXtend the ianvestigation to largser radii than those obtain-
.able with nose 1, The results of these tests are given
for propeller B in figure 4(a) and for propellsr C in _
figure 4(b). The Pregsure coefficient reaches a maXimum . _
for the.2~blade propeller B at & smaller radius than for
the 3~blade propeller OC, and the values for the 3-blade
propeller reach a much higher value because of the increase
in the propeller solidity. These plots picture the advan-
tnge ta be galned by increasing the diameter of the . nose .
opening and also suggest the possibility of dlocking off
the low-pressure area in order to obtain a uniform and o

high pressure over the entire fraont of the easine, The *
cffect of propeller blade-angle setting on the pressura .
coefflcient—1s also given in figure 4. Ags would he expect= <

ed, the. blade angle .setting has little effect close to the
propeller hub dut the effect increases as the radius in-
creases.

The smoke-¥low studies showed that & very peculiar
condition existed wlth propeller B get 10° at 0.75R in
front of nose 2 for zero conductivity.. The flow alter-
nated between a rotating flow and a pulsating flow, or one )
in which the rotation stopped and the only motion was that o
of a very turbulent movement of-the air in and out of the
cowling nose. The peripd of the changes from rotating to
pulsating flow was very irregular but was of the order of
3 secondse.e At times, the smoke introduced betwecen the pro-
Peller and the baffle plate would shoot straight forward
through the propoller disk to a distance almost equal %o
the propeller radius. Figure 5 shows the pressure digtri- .
bution across the front for these two conditions of flow.
With the rotating flow, the pressure available for cooling -
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was lessened at all radii and was zero at X = 0.16. With
pulsating flow, the pressurs was constant over the front
and was very nmuch highsr, showing the desIrability of the
pulsating flow., VWhen the conductivity of this set-up was
increased, the instability in the flow disappeared and ro-
tating flow was alwarys present. If a single 3late was
placed perpendicular to the rotation between the baffle
rlate and the nose of the cowling, however, the flow could
agaln be changed to the pulsating type, Tosulting geneorally
in higher pressures but very poor circumforential distridvu~
tion of pressure. With propeller C, the flow inside the
front of the cowling always had a high circumferential’ ve-
locity in the direction of the propeller rotation. . Figure
6 shows the radial wvressure digtribution in three oDen-—-
nose cowlings with propeller C. A comparison of the E
pressure distridbution with that given in figure 5 shows
that rotating flow is present for all three nose shapes

nd that the highest circunferential velocity is preﬂent
for nose 7. i

Two types of deflectors, a spinner, and several disks
were tested to determine the best method of obtaining this
high uniforn pressure over the entire front of the engine.
The results of the tests are given in figure 7, in which
the average pressure coefficient over the front of The en-
gine is plotted against the value of Xy for the'frbnt_

e SCRPEY N

opening of the particulapr cowllng. Each test gave one
poin%t in this figure. It is secen that, for small Front

openings, the deflectors seem %o have sonse advantago over
the flat disk but, for larger oponings, the flat d}§§__
soems to be at 1oast as good as any deflectors tried.
Disks were therefore used as a means of nainftaining high

static pressure in front of tho engine for the rest of

the tests.

Since the propeller is acting as a low~pressureo blower,

the distance of the cowling fron the trailfn cdge of the
propeller is important as a leakage area; 1ts effect on ™"~

the pressure available is shown in figure 8. I%T is seen

that the shortest distance between the propoeller and the
cowling is tho best. It should be noticed in’ flgure 8
that tlhose digtances are given in inches and apply_¥‘ the
nodel set—up and nust be increased in the sanme ratic as
the propeller dlameter for applicatioan to the full—scuie
set—upe.

= - — s s
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Figure 9 ghows the eoffect of the locatlon of the disk
within the noso of the cowling. In figure 9(a), which is
for %-inc¢h cloarance betweon cowling and plopollcr, the
bost location of the flat disk is even with tho froat 1lip
of the cowling. If the disk is moved forward, it doflects
tho flow and decrenseos the pressure; and, if it is moved
backward, the circumferaontial flow hag a greator opnortu-
nity to build up ia froat of the disk and thus decroase
tho pressure inside the cowling. The round-edge dlsk with
tho front part of the disk evon with the nose 1s the bost
for the %—inch clearance between the cowling and the pro-
peller, TFigure 9(b) shows the same effect for the flat
dlsk with a 2~inch clegrance between the cowling and pro=-
peller. Again the position even with the cowlling nose is
the best. Figure 9(c) shows the 2-inch cowling clearanco
for the round-edge digk. Those tests indicate that the
face of the round-edge disk may be located fartkher for-
ward than that of the flat—-disk without any detrimental
effect, and a comparison of figure 9(c) with figure 9(b)
shows taat the round-edge dislr ig slightly better than
the flat disk,

Fizure 10 ghows the effect of dilsk dlameter for noses
2, 3, and 7. As would be expected, the larger the disk,
the higher ig the avallable vpressure bedause the radius
of the effective opening is increasging, giving an effoct
ginilar to that in figuros 4(a) and 4(b). It con bo seen
from figure 10 that, with the largest disk, the radial
pProssure distribution over the front of the engine is sin-
llar to the pressure distribution for-puleating flow, as
shown in figure 5, and that it gradually changes to the
typo for rotating flow as the size of the disk is reduced.

Figure 11(a) shows the average front pressure as a
function of the ratio of the area of the front opening. A
to the area of the cowling cross section F for nose 2
with propeller .C set 150 at 0.75R., The zoro conductive
ity ghows that the snallest front aroa or the largest
(17B~inch) disk is the best; with 0,081 total conductivity,
tho 17%-inch disk restricted the flow too much and lowered
the available pressure. Witk a total conductivity of 0,111,
the 173-1nch and the lag—inc; digks restricted the flow
nore than the increase due to .the chango in radius and the
10%~inch disk was the best. It should be noted that the
round~edge disk glves a larger effective arca than the
flat-cdge ilsk of the same dimensions. This result indi-
cates that a round-edzo disk is best beocausc 1t allows
snaller openings for the sane front prossuro loss and
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gives a higher available pressure drop for cooling. This
fact should be especially ftrue with large conductivity
when a large front opening will be reguirocd.

Heasurements of the cooling properties obtained with

hot—wire anenometers indicate that the cooling on the
front of tie DParrel would be less with a disk in place dbut
that the head cooling would be somewhat improved owing

to the directed strean of air from the front opening.
This result indicates that the inproved mressure obtainable
on the ground with the disk will be realizcd as improved
cooling on both the front and the back of the cylinder
heads and will give a large increase in cooling on the
back of the barrel with some decrease in coolinv on the
front of the barrel.

Flight tests on a full-scale airplane showed that the
cooling of the front of the cylinders was unchanged by
the addition of a disk, which shows that the advantage of
the disk on the ground will not be offset by bad offects
in flight. '

GROUND TESTS O¥ FULL-SCALE AIRPLANES

The ground tests on four fullwscale airplanes repro—
sent isolated points of engine conductivity, front open-~

ing, propeller blade~anglo setting and diameter, and one

case of the use of a flat dlsk in front of the cowling.
The results of fthese tests are given in table I and show’
substantial agreement with the model results, The in-
crease of average front-pressure coefficient due to the
addition of the flat disk shows about the same order of
net increase as obtained on the model. The wide variation
of the pressure drop available, from a coefficient of
0.061 on airplane 2 with a service propeller to 0.249 cn
airplane 1 with propeller B, is noteworthy.

CONCLUDIXG REMARKS

1. The available pressure in front of the cowling
increased rapidly with propellsr radius up to 30 or 40
percent of the propeller radius. The cowling should be’
located as close to the propeller as practicable.
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2. Disks located in front of the noge of the cowling
greatly ‘increased the average pressure in front of the en-
gine baffles. It is important that the plane of the disk
be even with the nose of the cowling. 4 round-edgo digk
was superior to a straight flat disk. The size of the
disk should be such that the area of the front opening 1s
optimum for the total conductivity used.

3. Tests on fullwscaole airplanes showed that the
model tests may be qualltatively applied to full~scale de-
sign and quantitatively applied as a first approximation
of the available front pressure.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Acronautics,
Langley Fleld, Va., October 4, 1938.
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TABLE I. Results of Ground Tests on Full-Scale Airplanes

Blade Pro- {Typei{x forix, for Approx-
Pro-|angle|Number|pel- | of |cowl-{front imate 3 5
Air- |pel-|set- of |ler |pro~|ing |open- |A/F |conduc- prX10% | ppX10% | Apx10° .
plane|ler |ting |blades|diam—|pel-|diam-|ing tivity 2P n?p2 n2p2 Remarks
eter |ler |eter of
(degy (ft.) engine
1 B (15 3 10 G |0.430{0.325 |0,57( 0.07 0.270 10,021 ]0.249 |Flaps open
1 S {17 2 9 R .478| .360 | .57{ LO7 «208 033 +175 |Flaps open
2 B |15 3 10 G «392| 270 | 47| .06 264 124 +140
2 s |13 2 9 R J436| .300 | .47| <06 .138 .Q77 061
2 S (18 2 9 R 2 436| 4300 | .47 .06 «119 »051 .068
3 B |15 3 10 G 44 | 325 | 55| 1B +160 .040 .120
3 C |26.1 3 10 R 44 | .326 | .55 .15 .064 | ~-,007 071
3 S |[e3.6 2 9.5 R .46 | ,340 | .BB| .15 .093 .023 .070
3 S |30.6 2 9.5 R .46 | .340 | 55| .15 .130 043 | -.087
4 |s |13 z |9-1/6] R | .508] .370 | B3| .08 241 | 096 | .145
4 5 |13 3 9-1/6| B .508| 370 | .53} .08 «290 .106 .184 |[With flat
disk

The propellers and types of propellers are designated as follows:

S, service propeller.
B and C, propeller similar to the B and C propellers tested on the model set-up.
G, good blade sections near the hub.

R, round propeller-blade shanks.

YO0V N
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Figure 1.« Model set-up with nose 2 and propeller C
with 12-1/2 inch round edge disk.

Mgure 3.~ Propeller B.
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